Abstract-The article gives comparative analysis of the statistics adverse flight conditions in flight. Possibility of application of system methods parametric and structural reconfiguration in order to prevent the current flight situation in catastrophic is examined. The active fault tolerant control system is given in the article.
I. INTRODUCTION
Damage to, or loss of, aerodynamic or stability/control surfaces of transport aircraft can pose serious implications for continued flight to a safe landing. While such events are not very common, occurrences involving significant damage often result in large numbers of fatalities. Some recent events include [1] :
-1979 -DC-10 Engine separation and resulting asymmetric slat condition, 272 Fatalities [2] ; -1985 -B747 Vertical tail loss, 520 Fatalities [3] ; -1992 -B747 Multiple engine separation and resulting wing damage, 51 Fatalities [4] ; -2001 -A300 Vertical tail loss, 265 Fatalities [5] ; -2003 -A300 Wing damage (missile strike), safe landing, no casualties, hull loss [6] ; -2005 -A310 Rudder loss, safe landing, minor casualty [7] .
Aircraft performance characteristics undergo significant changes during the long-term operation. More significant aerodynamic changes occur while the sudden damage of external contour of the aircraft due to collision with its surface at high speeds, mechanical, biological, electrical or other foreign objects. The danger of such damages is that they are random in nature and their occurrence can not be foreseen. The result of these collisions, depending on the speed and mass of the object can be as minor dents, and the catastrophic destruction of the aircraft structure or its systems. Unfortunately, existing methods of monitoring and diagnosis [8] , [9] does not allow to register changes of the external contour of the aircraft itself in flight. At the same time, the availability of complete and accurate information about time, place and degree of damage of the aircraft external contour in flight would allow to objectively evaluate the development of an emergency situation and take necessary action to prevent its development by reorganizing the aircraft flight control or change the aircraft flight mode.
Analysis of the results of domestic research and publications shows that in the CIS countries, the topic is not sufficiently developed. Study of foreign sources indicate that problem of changes of aerodynamics aircraft wing in flight involved in such companies, agencies and management as Boeing, Airbus, Insight SRI Ltd, the Federal Aviation Administration United States, the European Aviation Safety Agency, Johns Hopkins University in U.S. and others in studies of all these companies and agencies, one of the central places occupied research of damage in a collision with foreign objects and changes of aerodynamics aircraft wing in flight. But even in these countries have problems, do not close these studies because there are a number of unresolved issues Known Boeing patent GB24355519A "Capacitive sensor for sensing structural damage" [10] also does not solve the problem.
In the literature, most of the motivation and research work in fault tolerant control involves solving problems encountered in safety critical systems such as aircraft. To design active fault tolerant control systems (AFTCS), one of the important issues to consider is whether to recover controllability of aircraft under adverse flight conditions. AFTCS is a complex combination of three major research fields, fault detection and isolation (FDI), robust control, and reconfigurable control [11] . Patton [12] also discussed the relationship between these fields of research. For a typical AFTCS scheme, when a fault/failure occurs either in an actuator or sensor, the FDI scheme will detect and locate the source of the fault. The reconfigurable controller will try to adapt to the fault, therefore providing controllability and stability. Both the FDI and reconfigurable controller need to be robust against uncertainty and disturbance [11] . In article [13] is given a good bibliographical review of reconfigurable fault tolerant control systems. The paper also proposes a classification of reconfiguration methods which is based on a few categories (the mathematical tools used, the design approach used, the way of achieving reconfiguration, reconfiguration mechanisms, control structures e.t.c).
It also provides a bibliographical classification based on the design approaches and the different applications, discussing open problems and current research topics in AFTCS.
Development of methods and models of reconfiguration of controlling influences aboard the airplane in the conditions of origin special situations in flight operation [14] is devoted. For reconfiguration of controlling influences in case of failures of drives and governing bodies two approaches [14] are used: parametric and structural. Parametric change of feedback factors of the executive mechanisms taking into account a technical status of the airplane, for improving of efficiency of their functioning. Structural -control redistribution between operational governing bodies for recovery of acceptable characteristics of controllability and stability in the conditions of unexpected situations in flight. Patton [11] , [12] , classify FTC into 2 major groups: passive fault tolerant control systems (PFTCS) and active fault tolerant control systems (AFTCS). In passive fault tolerant control systems, the controller is designed to be robust against faults and uncertainty. Therefore when a faults occurs, the controller should be able to maintain stability of the system with an acceptable degradation in performance. PFTCS does not require FDI and does not require controller reconfiguration or adaptation.
II. MAIN PART
The proposed DS-AFTCS system is shown in Figure . It consists of the parametric and structural reconfiguration, identification current condition, reserve algorithm control surface actuator, diagnostic system.
Structure of the DS-AFTCS (diagnostic system-active fault tolerant control system
Let the control object is represented in space of states control in the form:
where n x  is dimensional state vector; s u  is dimensional control vector.
Constant matrices (А, В) determine its dynamic properties.
In the case of the introduction of the state feedback control law is given by:
where G is matrix by which independent (external) vector of input signals v are pre-transformation; K is state matrix regulator in the feedback loop.
Write the equations of the system in the form of the Laplace transform, omitting for brevity, Laplace operator p:
The change of the state vector x of a closed linear system is the sum of a reaction to the nonzero initial conditions 0
x and input signals  x and input signals  to the vector of the system state. The connection of these transfer matrices with the structure of the system is determined by known operator equations:
Transfer matrices (1), (2) determine the reaction of plane to nonzero initial conditions and input signal.
Introduce the diagonal matrix Z , characterizing the state of the elements of the automatic control system (ACS) (sensors, controllers, actuators, control surfaces). When all the elements of ACS are intact, the matrix Z is identity Object model with failure can be written as:
where n x  is dimensional state vector with failure; s u  is dimensional vector control with failure.
Due to (3) transfer matrices (1), (2) take the form: To save the desired dynamic properties of an object, the following equalities must be met:
Conditions (4), (5) are the criteria of the reconfiguration, structural and parametric reconfiguration.
Conditions (4), (5) may be realized in one of two ways [15] :
1. The calculation of the new values of the matrices G and K, satisfying (4), (5).
2. Introduction of additional elements in the control system allows to provide the equality of (4), (5) .
The first way involves a complete change of the gain control system, which is unacceptable for modern ACS. The second way is more simple to implement. It does not change the regular control system settings, and the task of maintaining the dynamic properties is achieved by introducing additional elements to the control system.
III. CONCLUSIONS
The time interval over which the AFTCS has wrong information about the faults/failures need not be known. If the AFTCS eventually generates an accurate estimate of the failure parameters, the proposed approach will result in provided increased controllability and stability of airplane under adverse flight conditions. The proposed AFTCS can be readily extended to the case of nonlinear aircraft dynamics.
